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Description 

[0001] The present invention concerns a process for 
the preparation of multi-element metal oxide powders 
useful as precursors of high temperature superconduc- s 
tor ceramics. 

[0002] Although the phenomenon of superconductivity 
is well established, it is only in recent years that a major 
break through was reached by the discovery of copper- 
containing mixed oxide ceramics which show extraordi- 10 
narily high transition temperatures (high-T c -supercon- 
ductors). Although these mixed oxides usually consist of 
the oxides of at least 3 metals, they can be formed into 
superconducting ceramics consisting of a single homo- 
geneous phase. 15 
[0003] The chemical and physical requirements for 
precursor powders for such oxide-based superconduc- 
tor ceramics are known to be particularly demanding. To 
allow pure phase ceramic formation precursor powders 
must be uniform and homogeneous and of precise stoi- 20 
chiometry. Alterations in composition and stoichiometry 
are a specific problem when metal oxides are used 
which are volatile at relatively low temperatures such as 
lead oxide. For the formation of fully dense defect free 
ceramics the precursor powders must have small, pref- 25 
erably less than 1 ^m, spherical fully dense primary par- 
ticles and a narrow agglomerated particle size 
distribution of preferably 1-3 ^m. In the formation of 
superconductor ceramics with optimum properties cer- 
tain chemical impurities must be avoided. Carbon, pre- 30 
dominantly as carbonate, is a major problem for high 
temperature superconductor ceramics containing the 
alkaline earth elements barium, calcium and strontium 
due to their affinity to form highly stable carbonate 
phases. The phase composition of ceramic precursor 35 
powders is also of the utmost importance. In many 
cases this will mean powders should be of the phase 
required in the final ceramic. However, in many of the 
most demanding applications powders must be com- 
posed of a reactive mixture of other phases which read- 40 
ily form the desired final phase in the following ceramic 
forming processes. This is particularly true for the high- 
est performance high temperature superconductor 
ceramics, e.g. superconducting wires. 
[0004] Thus, by using precursor powders which are 45 
composed of uniform homogeneous small spherical 
dense primary particles with narrow agglomerated par- 
ticle size distribution and precisely controlled stoichiom- 
etry including volatile metal oxides and which contain 
low carbon or other chemical impurities and are com- so 
posed of a phase mixture which readily forms a desired 
final phase in the final ceramic forming processes high 
temperature superconductor ceramics with maximised 
properties can be expected. These powders are consid- 
ered ideal precursors for the aforementioned application 55 
and any industrial mixed oxide powder preparation 
process must be assessed in terms of success in meet- 
ing this criteria. 



[0005] The customary processes for the industrial 
preparation of ceramic precursor powders are methods 
based on mixing and grinding component metal oxides 
and carbonates; calcining the mixtures and grinding 
again etc. It is proven that these processes are not able 
to give the optimum powder characteristics as 
described above. 

[0006] In international patent application WO 
89/02871 a process for the preparation of multi-element 
metal oxide powders for use as high temperature super- 
conductor ceramic precursors is described which is 
based on the evaporative decomposition of solution 
(EDS) technique. The process is based upon spraying 
mixed metal salt solutions through a tube like furnace 
heated to a temperature of 800-11 00 °C. Although this 
process yields oxide powders with acceptable proper- 
ties regarding particle size, chemical homogeneity, 
purity, and phase formation, the particles obtained are 
not fully dense but hollow spheres. Also the powders as 
collected contain several percent of moisture. Further- 
more, the external electric heating of the furnace only 
allows low energy efficiencies and a limited scope for 
scale-up to quantities required for industrial produc- 
tions. 

[0007] In international patent application WO 
90/14307 a spray pyrolytic process for the manufacture 
of mixed metal oxide powders for the use as high-per- 
formance ceramics precursors is described. This proc- 
ess is based on spraying mixed metal nitrate solutions 
together with organic compounds and/or hydrocarbon 
gas, each serving as a fuel, into a reactor whereby a 
self-supporting combustion between the fuel and nitrate 
oxygen of the solution takes place. Due to its high- 
energy efficiency this process can easily be scaled up to 
satisfy industrial demands. This process yields fine 
powders of small fully dense and homogeneous parti- 
cles. Due to the extremely high temperatures of at least 
2000 °C which are generated during this combustion 
process in the droplet/particle, powders containing vola- 
tile metal oxides such as lead oxide can not be prepared 
with a sufficient degree of compositional control. Fur- 
thermore, the ceramic powders are obtained in their 
respective high temperature phases which is a specific 
draw-back when the process is applied to produce high 
temperature superconductor precursor powders. Finally 
the reactions between carbon containing organic com- 
pounds and nitrates during the combustion process will 
generate large quantities of carbon dioxide which will 
result in several percent of carbon as carbonate in prod- 
ucts containing the oxides of barium, calcium and stron- 
tium. 

[0008] European patent 0 371 211 B1 relates to a 
spray pyrolytic process for the manufacture of fine 
homogeneous ceramic powders in which a solution or 
suspension of substances containing the constituents of 
the ceramic powder is sprayed by the aid of a combusti- 
ble gas, preferably hydrogen gas, into a reactor where 
the gas is burned. The conversion of the sprayed drop- 



2 



3 



EP 0 681 989 B1 



4 



lets to the oxide powders is said to take place in the 
flame at measurable temperatures of 1200-1300 °C. In 
case nitrate solutions are used it is believed that much 
higher temperatures act on the system droplet/particle 
similar to the process discussed before. This is con- 
firmed by the fact that spinel phase oxides (MgAI 2 0 4 ) 
which clearly are high temperature phase materials are 
obtainable by this process. Thus it can be expected that 
this process would produce high temperature supercon- 
ductor powders in the phase(s) formed at high tempera- 
tures, and powders containing volatile metal oxides, 
such as lead oxide, cannot be prepared with a sufficient 
degree of compositional control. 
[0009] Summing-up the prior art, existing spray pyro- 
lytic processes cannot be considered ideal for the man- 
ufacture of high temperature superconductor precursor 
powders because of either their disadvantages of gen- 
erating undesired high temperature phases, being 
unsuited to secure a correct composition with respect to 
volatile oxides, and to avoid carbonate contamination, 
or due to disadvantageous particle morphology and lim- 
itations in satisfactory scale-up to meet industrial 
demands. 

[001 0] It was therefore the object of the present inven- 
tion to provide a process for the preparation of multi-ele- 
ment metal oxide powders useful as precursors of high 
temperature superconductor ceramics by which the dis- 
advantages of the prior art processes could be over- 
come. 

[001 1 ] It has been found that this objective can be met 
by a process in which aerosols of aqueous solutions 
containing corresponding metal salts admixed in the 
required stoichiometric proportion are burned in a 
hydrogen/oxygen flame, characterised in that the aero- 
sol is sprayed through an independently operated 
hydrogen/oxygen flame in such a way that a flame tem- 
perature of 800 to 1 100 °C is maintained and that any 
contact of the aerosols and the powders generated 
through the process with carbon or carbon-containing 
compounds or materials is strictly avoided. 
[001 2] Surprisingly it has been found that when mixed 
salt solution aerosols are sprayed into an independently 
operated hydrogen fuelled flame a flame temperature 
and an overall reactor temperature of 800-1 100 °C can 
easily be maintained by conventional control of the 
flame characteristics, of the solution parameters, the 
aerosol formation and spraying characteristics as 
known by the skilled worker. Thus, by careful optimisa- 
tion of the parameters for aerosol generation, the posi- 
tion of the aerosol source relative to the burner and the 
flame geometry, and by ensuring that the aerosol enters 
directly from the rear of the flame front at the appropri- 
ate velocity the thermal contact and residence time of 
the solution droplets in the flame can be controlled to 
ensure that only water evaporation, salt decomposition 
and low temperature mixed oxide phase formation is 
given and high temperature phase formation and evap- 
oration of volatile metal oxides such as lead oxide does 



not take place. 

[001 3] By this new process spherical fully dense and 
extremely small primary particles are formed which are 
optimum for ceramics processing. When using conven- 

5 tional sprayheads producing e.g. 10 jum solution drop- 
lets 100-500 nm primary particles are formed. This 
volume reduction is beyond the levels calculated for 
shrinkage by water evaporation and thermal decompo- 
sition of the crystallites of metal salt solute alone, which 

10 would produce significantly larger particles containing 
voids. The particle size and density is consistent with 
high temperature spray pyrolytic processes as 
described before, despite the fact that the temperature 
within the droplet does not exceed that in the reactor 

15 and the process operates with low temperatures not 
exceeding 1 100 °C in the flame. The unexpected forma- 
tion of such small fully dense spherical primary particles 
must result from the rapid explosion of each solution 
droplet when it enters the intense energy field within the 

20 narrow hydrogen/oxygen flame. Hence, high tempera- 
ture phases in the products are not achieved and the 
process allows production of powders containing con- 
trolled amounts of volatile metal oxides such as lead 
oxide. 

25 [001 4] Furthermore, it is surprisingly found that if suf- 
ficient care is taken in the design, construction and 
operation of the reactor and process, low carbon, typi- 
cally less than 0.2 %, containing powders for composi- 
tions containing metal oxides such as barium, strontium 

30 and calcium can be produced. Thus by precluding 
hydrocarbon fuels, carbon containing compounds such 
as acetates, citrates, etc., ensuring all gases are free of 
carbon dioxide, including air supplied as aerosol propel- 
lant and burner oxidant, and ensuring the system is con- 

35 structed of suitable carbon free materials, to be gas tight 
avoiding contact to the natural atmosphere, low carbon 
powders can be formed. Thus, the process does not 
allow the formation of carbon dioxide, avoiding contact 
and reaction of such oxides with this gas and preventing 

40 the formation of deleterious carbon containing phases. 
[001 5] This is particularly advantageous in considera- 
tion that this process applies to the production of the 
reactive oxides of barium, strontium and calcium in 
extremely fine particles with large surface areas and 

45 hence extremely high surface activity. 

[001 6] It is clear that this production process, with suit- 
able optimisation, can be readily seen to be useful for 
the preparation of oxide mixtures requiring any compo- 
sition or combination of an extremely broad range of 

so metals, preferably bismuth, lead, copper, rare earth ele- 
ments and alkaline earth elements, but also various oth- 
ers, including for example chromium, titanium, 
zirconium, lanthanum, sodium, lithium, potassium, sil- 
ver, zinc, aluminum, nickel, manganese, etc. This can 

55 be achieved simply by employing respective metal salt 
solutions of appropriate composition and concentration. 
Specifically preferred as the salts are the corresponding 
nitrates. To prove the general applicability of this new 
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process it has been demonstrated in the preparation of 
precursor powders for a highly demanding electrocer- 
amics field, viz. high temperature superconductors. The 
merits of this new process have been confirmed by the 
production of precursor materials and ceramics of the 
precisely controlled quality and composition required for 
this technically exacting applications field. 
[0017] The process has been operated using solu- 
tions containing mixtures of bismuth, strontium, calcium 
and copper nitrates to give powders with compositions 
of general formula Bi x Sr x Ca y Cu x O z , where x = 1.0-3.0, 
y = 0.5-2.5 and z is not specified. The process has also 
been operated using solutions containing lead, bismuth, 
strontium, calcium and copper nitrates to give powders 
with compositions of general formula Pb/Bi x Sr x Ca x . 
Cu y O z , where x = 1 .5-3.0, y = 2.5-3.5 and z is not spec- 
ified. Powders with spherical, dense primary particles 
100-500 nm and agglomerate size distribution 1-3^m 
composed of the required metal composition and low 
temperature binary and ternary phases, with <0.1 % 
moisture and <0.2 % carbon have been produced in 
0.5-5 kg quantities. 

[0018] It has been shown that the powders are highly 
sinteractive and can be readily converted to a preferred 
phase mixture by annealing in air for 1-10 hours at 700- 
800 °C. Thereafter the powders can be immediately 
compressed, without further mixing or milling, to a com- 
pact which is then fired at a temperature of about 850 °C 
to produce a dense ceramic body of the desired high 
temperature superconducting phase. 
[0019] A small scale system has been constructed 
and used to demonstrate this process in the preparation 
of powders at the rate of 0.1-1.0 kg/hr, but a skilled 
worker could use this as a basis for the design and con- 
struction of a very compact and efficient plant for 
increased scale industrial production. In the system a 
hydrogen flame is burnt with oxygen or air with carbon 
dioxide removed using calcium oxide, CarbosorbAS® or 
another filter material. The flame is created using a ring 
burner or multi-head burner(s) to produce a flame front 
of controllable depth and energy intensity. The flame is 
formed in a tubular reactor (20 cm diameter, 1000 cm 
long) constructed of stainless steel, inconel, hastalloy, 
quartz, zirconia or zirconia coated alloys placed in a ver- 
tical or horizontal manner. A mixed metal nitrate solution 
containing 5-50 % oxide equivalent is supplied at a rate 
of 0.5-5.0 kg/hr to a conventional stainless steel, inconel 
or hastalloy sprayhead. Nitrogen, oxygen or air with car- 
bon dioxide removed, supplied at 0.2-2.0 bar, is used as 
the aerosol generator propellant gas. The sprayhead is 
located at a point in the centre of the ring burner or 
multi-head burners. The aerosol generated is directed 
into the base of the narrow flame front and the reactor is 
operated at overall temperatures in the range 800-1 100 
°C. Powders generated are led into a collection system 
operating at temperatures in the range 250-750 °C. This 
is particularly beneficial regarding powder quality by 
minimising residual moisture and nitrate content. The 



powders may be collected with a cyclone or with filters 
such as porous sintered inconel, stainless steel, mineral 
fibre or ceramic media. When using fitter media the 
housing must be inconel, stainless steel, hastalloy or 

5 other high temperature resistant materials. The system 
parts must be connected with extreme care and using 
gas tight seals to avoid any ingress of atmospheric, car- 
bon dioxide containing air into the system. 
[0020] By use of a commercial lambda probe in the 

10 reactor, the reduction/oxidation quotient (system redox) 
can be monitored. This can be used as a measure to 
allow controlled modification of various process param- 
eters and hence control the system. In normal operation 
aqueous solutions containing metal nitrates only are 

15 used and the total system oxidant/fuel ratio is adjusted 
to ensure that the reactor atmosphere is in an oxidising 
condition, overall. In another variation the system oxi- 
dant/fuel ratio may be adjusted to allow the reactor 
atmosphere to be in a reducing condition, overall. In 

20 another variation nitrogen based compounds serving as 
reducing or oxidising agents including nitric acid, 
ammonia, ammonium nitrate, hydrazine and hydroxy- 
lamine in quantities optimised according to the final 
product and metal nitrate solution concentration, can be 

25 introduced into the reactor either by addition to the 
metal nitrate solution or as an aqueous solution sprayed 
separately into the reactor to further adjust the system 
redox and/or promote other energy releasing chemical 
reactions. A further variation of the process is given 

30 when the system oxidants/fuel ratio is adjusted to allow 
the hydrogen combustion to be sustained with oxygen 
provided by the solution(s) of metal nitrates and/or other 
additives. In this variation the oxygen feed to the hydro- 
gen/oxygen flame, after starting the process, is reduced 

35 in such a manner that a substantially self-sustaining 
combustion takes place between the hydrogen and the 
nitrate oxygen of the solution. 

[0021] The high quality of the powders prepared 
according to the process as described lead to ceramics 
40 having improved performance and thus being preferred 
for use in highly demanding ceramics forming proc- 
esses in high temperature superconductor technology 
such as powder-in-tube production of high temperature 
superconducting wires. 

45 

Examples 

Example 1 : Preparation of a Bi onSr^nCa ^Cup nO^ 
powder 

50 

[0022] A 12.60 kg aqueous solution containing 1 .563 
kg Bi(N0 3 ) 3 -5 H 2 0, 0.682 kg Sr(N0 3 ) 2 , 0.381 kg 
Ca(N0 3 ) 2 • 4 H 2 0 and 0.779 kg Cu(N0 3 ) 2 • 3 H 2 0 was 
prepared. Spray was generated by a Spraying Systems 
55 1/4J sprayhead with a compressed air supply pressure 
of 0.5-1 .0 bar. The compressed air feed had been previ- 
ously passed through a calcium oxide column to remove 
carbon dioxide in the air. The sprayhead was sited at the 
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top of an inconel reactor tube 100 cm long and 20 cm in 
diameter centrally located in the middle of a ring burner. 
Hydrogen and air, filtered carbon dioxide free, were sup- 
plied to the burner in a volume ratio of 1 : 2.4-2.6 and 
the burner ignited. Under these conditions the overall 5 
reactor temperature was 950-1000 °C and the overall 
reactor lambda value was 10-30 (oxidising). The hot 
product gases were led from the reactor into an inconel 
housing holding ceramic mineral fibre filter media main- 
tained at 400-450 °C. Approximately 1250 g of product 
was collected over the 3 hour period. ICPES analysis 
confirmed the powder stoichiometry as 
Bi 2 0 Sr 2 0 Ca-| 0 Cu 2 .oOx' particle size analysis indicated 
a narrow particle size distribution with D 50 0.98 |um and 
D 90 1.47 ^m. The primary particle size was <1 ^m by 
SEM analysis. Powder X-ray diffraction analysis proved 
that the powder was composed of a mixture of copper 
oxide, copper strontium oxide, copper calcium oxide 
and copper strontium bismuth oxide phases. Wet chem- 
ical analysis found <0.2 % carbon and <0.1 % water. 

Example 2: Preparation of Pb/Bi^ ki^C^Cu^oO x _ 
powder 

[0023] A 12.00 g aqueous solution of 0.113 g 
Pb(N0 3 ) 2 , 0.893 kg Bi(N0 3 ) 3 -5 H 2 0, 0.404 kg 
Sr(N0 3 ) 2> 0.479 kg Ca(N0 3 ) 2 -4 H 2 0 and 0.739 kg 
Cu(N0 3 ) 2 • H 2 0 was prepared. Spray was generated 
using a Spraying Systems 1/4j sprayhead with a com- 
pressed air supply pressure of 0.5-1.0 bar. The com- 
pressed air feed had been previously passed through a 
calcium oxide column to remove carbon dioxide in the 
air. The sprayhead was sited at the top of an inconel 
reactor tube 100 cm long and 20 cm in diameter cen- 
trally located in the middle of a ring burner. Hydrogen 
and air, filtered carbon dioxide free, were supplied to the 
burner in a volume ratio of 1 : 2.0-2.2 and the burner 
ignited. Under these conditions the overall reactor tem- 
perature was 850-900 °C and the overall reactor lambda 
value was 20-40 (oxidising). The hot product gases 
were led from the reactor into an inconel housing hold- 
ing ceramic mineral fibre filter media maintained at 400- 
450 °C. Approximately 750g of product was collected 
over the 4 hour period. ICPES analysis confirmed that 
the powder contained Pb/Bi 2 1 Sr 1 9 Ca 2 0 Cu 3 0 O x stoi- 
chiometry. Particle size analysis indicated that the pow- 
der had narrow size distribution with D 50 1 .08 ^im, D 90 
2.33 urn and primary particle size was <1 inm by SEM 
analysis. Powder X-ray diffraction analysis proved that 
the powder was a mixture of calcium lead oxide and 
copper strontium bismuth oxide phases. Wet chemical 
analysis found <0.2% carbon and <0.1 % water. 

Example 3: Preparation of Bi^Sj^Ca^Cy^Qx pow- 
der 

[0024] A 4.93 kg aqueous solution containing 1.155kg 
Bi(N0 3 ) 3 -5 H 2 0, 0.504 kg Sr(N0 3 ) 2 , 0.281 kg 



Ca(N0 3 ) 2 -4 H 2 0, 0.575 kg Cu(N0 3 ) 2 -3 H 2 0 and 
0.822 kg NH 4 N0 3 was prepared. Spray was generated 
by a Spraying Systems 1/4J sprayhead with a com- 
pressed air supply pressure of 1.5-2.0 bar. The com- 
pressed air feed had been previously passed through a 
calcium oxide column to remove carbon dioxide in the 
air. The sprayhead was sited at the top of an inconel 
reactor tube 1 00 cm long and 20 cm in diameter cen- 
trally located in the middle of a ring burner. Hydrogen 
and air, filtered carbon dioxide free, were supplied to the 
burner in a volume ratio of 1:2.2-2.4 and the burner 
ignited. Under these conditions the overall reactor tem- 
perature was 850-900 °C and the overall reactor lambda 
value was 20-40 (oxidising). The hot product gases 
were led from the reactor into an inconel housing hold- 
ing ceramic mineral fibre fitter media maintained at 350- 
400 °C. Approximately 850 g of product was collected 
over the 2 hour period. ICPES analysis confirmed that 
the powder contained Bi 2 0 Sr 2 0 Ca-j 0 Cu 2 0 O x stoichi- 
ometry. Particle size analysis indicated that the powder 
had narrow size distribution with D 50 1 .16 jim, D 90 2.49 
[im and primary particle size was <1 by SEM analy- 
sis. Powder X-ray diffraction analysis proved that the 
powder was a mixture of copper oxide, copper strontium 
oxide, copper calcium oxide and copper strontium bis- 
muth oxide phases. Wet chemical analysis found <0.2 
% carbon and <0.1 % water. 

Example 4: Preparation of Pb/Bi^ Sr-^oCa ^ n Cus 0 O x _ 
powder 

[0025] A 10.6 kg aqueous solution of 0.135 kg 
Pb(N0 3 ) 2> 1.070 g Bi(N0 3 ) 3 -5 H 2 0, 0.484 kg 
Sr(N0 3 ) 2 , 0.575 kg Ca(N0 3 ) 2 -4 H 2 0 and 0.886 kg 
Cu(N0 3 ) 2 • 3 H 2 0 was prepared. Spray was generated 
using a Spraying Systems 1/4J sprayhead with a com- 
pressed air supply pressure of 1 .5-2.0 bar. The com- 
pressed air feed had been previously passed through a 
calcium oxide column to remove carbon dioxide in the 
air. The sprayhead was sited at the top of an inconel 
reactor tube 1 00 cm long and 20 cm in diameter cen- 
trally located in the middle of a ring burner. Hydrogen 
and air, filtered carbon dioxide free, were supplied to the 
burner in a volume ratio of 1 : 1.6-1.8 and the burner 
ignited. Under these conditions the overall reactor tem- 
perature was 900-950 °C and the overall reactor lambda 
value was 740-780 (reducing). The hot product gases 
were led from the reactor into an inconel housing hold- 
ing ceramic mineral fibre fitter media maintained at 400- 
450 °C. Approximately 720 g of product was collected 
over the 2 hour period. ICPES analysis confirmed that 
the powder contained Pb/Bi 21 Sr 1 9 Ca 2 qCu 3 qO x stoi- 
chiometry. Particle size analysis indicated that the pow- 
der had narrow size distribution with D 50 1 .03 jim, D 90 
2.23 jum and primary particle size was <1 jim by SEM 
analysis. Powder X-ray diffraction analysis proved that 
the powder phase composition was a mixture of calcium 
lead oxide and copper strontium bismuth oxide phases. 
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Wet chemical analysis found <0.2 % carbon and <0.1 % 
water. 

Example 5: Preparation of Pb/Bi^ Sri^Ca^oCu^oOx, 
superconductor s 

[0026] Pb/Bi 21 Sr 1 9 Ca 2 0 Cu 3 0 O x powder as prepared 
in Example 4 was first calcined in air at 800 °C for 8 
hours to produce a phase mixture of 
Bi 2 .oSr 2 .oCa 1 oCu 2 .oO x and CaPb0 3 . It was then com- 10 
pressed to a "green body" at room temperature using 
diethyl ether as binder. The compact was fired at 850 °C 
for 10 hours to produce a dense ceramic body which 
analysed as pure superconducting phase 
Pb/Bi 21 Sr-, 9 Ca 2 0 Cu 3 0 O x by the X-ray diffraction is 
method. 

Claims 

1 . Spray-pyrolytic process for the preparation of multi- 20 
element metal oxide powders useful as precursors 

of high-temperature superconductor ceramics, in 
which aerosols of aqueous solutions containing 
corresponding metal salts admixed in the required 
stoichiometric proportion are burned in a hydro- 25 
gen/oxygen flame, characterised in that the aerosol 
is sprayed through an independently operated 
hydrogen/oxygen flame, in such a way that a flame 
temperature of 800 to 1 1 00 °C is maintained, and in 
that any contact of the aerosols and the powders 30 
generated during the process with carbon or carbon 
containing compounds or materials is strictly 
avoided. 

2. Process according to claim 1 , characterised in that 35 
the aerosol is sprayed through the flame by means 

of a sprayhead which is located in the center of a 
hydrogen/oxygen operated multi-head or ring 
burner. 

40 

3. Process according to claim 1 , characterised in that 
all gases used are freed of carbon dioxide. 

4. Process according to claims 1 to 3, characterised in 
that the reaction equipment is made of carbon-free 45 
materials. 

5. Process according to anyone of the preceding 
claims, characterised in that the aerosol spray pro- 
pellent gas, if required, is oxygen, nitrogen or air. so 

6. Process according to anyone of the preceding 
claims, characterised in that a solution is used com- 
prising the salts of rare earth elements and/or alka- 
line earth elements and copper. ss 

7. Process according to claim 6, characterised in that 
the solution further can contain the salts of lead 



and/or bismuth. 

8. Process according to claim 6 or 7, characterised in 
that the solution contains as the salts the corre- 
sponding nitrates. 

9. Process according to claim 8, characterised in that 
after starting the process the oxygen feed to the 
hydrogen/oxygen flame is reduced in such a man- 
ner that a substantially self-sustaining combustion 
takes place between the hydrogen and the nitrate 
oxygen of the solution. 

10. Process according to anyone of the preceding 
claims, characterized in that nitrogen based reduc- 
ing agents and/or nitrogen based oxidising agents 
are introduced into the metal salt solution or inde- 
pendently sprayed into the reactor as an aqueous 
solution so to control the overall reduction/oxidation 
quotient of the system. 

11. Use of the process according to the preceding 
claims 1-10 for the manufacture of oxide-based 
multi-element high temperature superconductor 
ceramics precursor powders. 

12. Use according to claim 11 for the manufacture of 
YBa CuO, BiSrCaCuO and PbBiSrCaCuO com- 
pounds. 

1 3. Use of multi-element metal oxide powders prepared 
in a process according to anyone of the preceeding 
claims for the manufacture of high temperature 
superconductor ceramics. 

14. Use of multi-element metal oxide powders selected 
from the group YBaCuO, BiSrCaCuO, and PbBiSr- 
CaCuO prepared in a process according to anyone 
of the preceeding claims 1 to 10 for the manufac- 
ture of high temperature superconductor ceramics. 

Patentanspriiche 

1. Spraypyrolyseverfahren zur Herstellung von Multi- 
el ementmetalloxidpu I vern, die sich zur Verwendung 
als Vorlaufer fur Hochtemperatursupraleiterkera- 
miken eignen, bei dem man Aerosole von waBrigen 
Losungen, die eine Mischung der entsprechenden 
Metallsalze im erforderlichen stochiometrischen 
Verhaltnis enthalten, in einer Wasserstoff/Sauer- 
stoff-Flamme verbrennt, dadurch gekennzeichnet, 
daf3 man das Aerosol derart durch eine unabhangig 
betriebene Wasserstoff/Sauerstoff-Flamme spruht, 
daB die Flammentemperatur bei 800 bis 1100°C 
gehalten wird, und daB man jegliche Beruhrung der 
Aerosole und der bei dem Verfahren erzeugten Pul- 
ver mit Kohlenstoff Oder kohlenstoffhaltigen Verbin- 
dungen oder Materialien strikt vermeidet. 
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2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB man das Aerosol mit einem Spruh- 
kopf, der sich im Zentrum eines mit 
Wasserstoff/Sauerstoff betriebenen Mehrkopf- 
oder Ringbrenners befindet, durch die Flamme 
spruht. 

3. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB man alle eingesetzten Gase von Koh- 
lendioxid befreit. 

4. Verfahren nach den Anspruchen 1 bis 3, dadurch 
gekennzeichnet, daB man Reaktionsapparaturen 
aus kohlenstofffreien Material ien verwendet. 

5. Verfahren nach einem der vorhergehenden Anspru- 
che, dadurch gekennzeichnet, daB man, falls erfor- 
derlich, als Aerosolspray-Treibgas Sauerstoff, 
Stickstoff Oder Luft einsetzt. 

6. Verfahren nach einem der vorhergehenden Anspru- 
che, dadurch gekennzeichnet, daB man eine 
Losung einsetzt, die die Salze von Seltenerdele- 
menten und/oder Erdalkalielementen und Kupfer 
enthalt. 

7. Verfahren nach Anspruch 6, dadurch gekenn- 
zeichnet, daB die eingesetzte Losung auBerdem 
auch noch die Salze von Blei und/oder Bismut ent- 
halten kann. 

8. Verfahren nach Anspruch 6 oder 7, dadurch 
gekennzeichnet, daB die Losung als Salze die ent- 
sprechenden Nitrate enthalt. 

9. Verfahren nach Anspruch 8, dadurch gekenn- 
zeichnet, daB man nach Beginn des Verfahrens die 
Sauerstoffzufuhr zur Wasserstoff/Sauerstoff- 
Flamme so drosselt, daB zwischen dem Wasser- 
stoff und dem Nitrat-Sauerstoff der Losung eine im 
wesentlichen selbstunterhaltende Verbrennung 
stattfindet. 

10. Verfahren nach einem der vorhergehenden Anspru- 
che, dadurch gekennzeichnet, daB man den 
Reduktions/Oxidations-Gesamtquotienten des 
Systems dadurch steuert, daB man auf Stickstoff 
basierende Reduktionsmittel und/oder auf Stick- 
stoff basierende Oxidationsmittel in die Metallsalz- 
losung eintragt oder als waBrige Losung 
unabhangig in den Reaktor einspruht. 

11. Verwendung des Verfahrens nach einem der vor- 
hergehenden Anspruche 1-10 zur Herstellung von 
Vorlauferpulvern fur auf oxiden basierende Multi- 
element-Hochtemperatursupraleiterkeramiken. 

12. Verwendung nach Anspruch 1 1 zur Herstellung von 



YBaCuO-, BiSrCaCuO- und PbBiSrCaCuO-Verbin- 
dungen. 

13. Verwendung von nach einem Verfahren gemaB 
s einem der vorhergehenden Anspruche hergestell- 

ten Multielementmetalloxidpulvern zur Herstellung 
von Hochtemperatursupral eiterkerami ken . 

14. Verwendung von nach einem Verfahren gemaB 
10 einem der vorhergehenden Anspruche 1 bis 10 her- 

gestellten Multielementmetalloxidpulvern aus der 
Gruppe YBaCuO, BiSrCaCuo und PbBiSrCaCuO 
zur Herstellung von Hochtemperatursupraleiterke- 
ramiken. 

15 

Revendications 

1 . Procede de pyrolyse avec pulverisation pour la pre- 
paration de poudres d'oxyde metallique multi-ele- 

20 ments utiles comme precurseurs de ceramiques 
supraconductrices a haute temperature, dans 
lequel on brule les aerosols de solutions aqueuses 
contenant des sels metalliques correspondants 
melanges dans la proportion stoechiometrique 

25 requise, dans une flamme d'hydrogene/oxygene, 
caracterise en ce qu' on pulverise I'aerosol a tra- 
vers une flamme d'hydrogene/oxygene fonction- 
nant de maniere independante, de maniere qu'on 
maintienne une temperature de flamme de 800 a 

30 1.100°C, et de maniere a eviter strictement tout 
contact entre les aerosols et les poudres engen- 
dres au cours du processus avec le carbone ou les 
composes ou materiaux contenant du carbone. 

35 2. Procede selon la revendication 1 , caracterise en ce 
qu'on pulverise I'aerosol dans la flamme au moyen 
d'une tete de pulverisation qui est situee au centre 
d'un bruleur a tete multiple ou en anneau fonction- 
nant a I'hydrogene/oxygene. 

40 

3. Procede selon la revendication 1 , caracterise en ce 
que tous les gaz utilises sont depourvus d'anhy- 
dride carbonique. 

45 4. Procede selon les revendications 1 a 3, caracterise 
en ce que I'equipement de la reaction est fait de 
materiaux depourvus de carbone. 

5. Procede selon Tune quelconque des revendications 
so precedentes, caracterise en ce que le gaz vecteur 

de la pulverisation d'aerosol, si necessaire, est 
I'oxygene, l azote ou I'air. 

6. Procede selon Tune quelconque des revendications 
55 precedentes, caracterise en ce qu'on utilise une 

solution comprenant les sels d'elements de terres 
rares et/ou d'elements alcalino-terreux et de cuivre. 
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7. Procede selon la revendication 6, caracterise en ce 
que la solution peut en outre contenir des sels de 
plomb et/ou de bismuth. 

8. Procede selon la revendication 6 ou 7, caracterise s 
en ce que la solution contient comme sels les nitra- 
tes correspondants. 

9. Procede selon la revendication 8, caracterise en ce 
qu'apres demarrage du procede on reduit I'alimen- 10 
tation en oxygene de la flamme d 'hydrogen e/oxy- 
gene de maniere telle que se produise une 
combustion pratiquement auto-entretenue entre 
I'hydrogene et I'oxygene du nitrate de la solution. 

15 

1 0. Procede selon Tune quelconque des revendications 
precedentes, caracterise en ce qu'on introduit des 
agents reducteurs a base d'azote et/ou des agents 
oxydants a base d'azote dans la solution de sel 
metallique, ou en ce qu'on les pulverise de fagon 20 
independante dans le reacteur sous la forme d'une 
solution aqueuse pour reguler le quotient global de 
reduction/oxydation du systeme. 

11. Utilisation du procede selon les revendications 1-10 25 
precedentes pour la fabrication de poudres multi- 
elements a base d'oxyde precurseurs de cerami- 
ques supra-conductrices a haute temperature. 

12. Utilisation selon la revendication 11, pour la prepa- 30 
ration de composes YBaCuO, BiSrCaCuO et 
PbBiSrCaCuO. 

13. Utilisation de poudres d'oxydes metalliques a ele- 
ments multiples, preparees dans un procede selon 35 
Tune quelconque des revendications precedentes 
pour la fabrication de ceramiques supraconductri- 
ces a haute temperature. 

14. Utilisation de poudres d'oxydes metalliques a ele- 40 
ments multiples choisies parmi le groupe YBaCuO, 
BiSrCaCuO et PbBiSrCaCuO, preparees dans un 
procede selon Tune quelconque des revendications 

1 a 10 precedentes, pour la fabrication de cerami- 
ques supraconductrices a haute temperature. 45 
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